I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Nowadays, spinal anesthesia is considered the standard technique in the cesarean sections. Similarly, the increased rate of cesarean sections, especially in Egypt, raises the concern about its problems and how to overcome.\[[@ref1][@ref2]\]

Conventionally, the most frequent problem is the hypotension following intrathecal injection of bupivacaine, which ranges between 56% and 74% in the previous studies.\[[@ref3][@ref4]\] To overcome this problem, many studies were directed to decrease the volume of bupivacaine, based on the fact that spinal anesthesia causing sympathectomy which subsequently will decrease the blood pressure. Unfortunately, all these studies were faced with the fact that decreasing the dose will lead to a lower block level and subsequently will lead to an unfavorable surgical condition along with the patient\'s discomfort. Moreover, it does not alter the incidence of hypotension raising the hypothesis that the hypotension cause is multi-factorial, and it may be greatly related to the great vessels compression by the uterus and increased intraabdominal pressure.\[[@ref5][@ref6]\]

Other researchers have studied the effect of sitting posture to reduce the effect of hypotension relying on the second hypothesis of great vessel compression by the gravid uterus. Although they succeeded in reducing the incidence of hypotension, again on the cost of a low level of the spinal block that maybe not enough to a favorable surgical condition and may require supplementation with analgesia.\[[@ref7]\]

Because of the above, we found that spinal anesthesia in an elective cesarean section depends on four pillars: the volume and dose of the local anesthetics, the level of the spinal block, the posture of the patient, and hypotension as a sequel of the spinal anesthesia and/or gravid uterus compression.

In this study, we hypothesized that a large dose of bupivacaine with prolonged sitting posture will achieve excellent surgical conditions (4^th^ thoracic dermatome) with a lower incidence of hypotension.

P[ATIENTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This is a prospective single-blindness randomized parallel study. Its registration number is NCT02937792 and its ethical committee approval number N36-2016. It is designed to include cases in two groups: one study Group B and one control Group C. Each group should have at least 25 female patients scheduled for an elective cesarean section with a total number of 50 cases.

After approval of the faculty ethical committee, any full-term pregnant female who was indicated for an elective section with spinal anesthesia and had unremarkable medical history (not diabetic, cardiac, hypertensive, coagulopathy, or psychotic), ASA I or II, with full-term singleton pregnancy and aged between 18 and 45 years were included after signing informed consent over a period from December 12, 2016 to March 23, 2017 in the Department of Obstetrics at the Faculty of Medicine, Cairo University in Egypt.

The exclusion criteria included the urgent cases, emergency cases, psychotic cases, failed spinal cases, surgical complicated cases, patients with associated pregnancy complications, patients with adverse medical history, patients on anticoagulant treatment, and patients with allergy to any of the drugs which were planned to be given or patients refused to participate in the study.

Patients, who agreed to the study, were randomized divided into two groups: Group B patients who received an intrathecal injection of 3 mL of bupivacaine 0.5% and Group C patients who received an intrathecal injection of 2.5 mL of bupivacaine 0.5%. The method of randomization was by coin tossing.

The study was single blinded in which the investigator who gave the anesthesia was not blinded and then another one, who was blinded to the study, toke over after 5 min and followed up the patient. This was the blindness technique that we organized in the study. It is partial blindness as the former investigator stayed for the first 5 min, recorded the vitals, and managed the patients.

All patients were anesthetized by an expert anesthetist (at least 3 years of experience). They were given the anesthesia in the sitting position with a coload of crystalloid (ringer solution 500 cc), using a spinal needle 25G Quincke with the bevel directed laterally, midline approach, and in the lower lumbar region. An intrathecal dose of 3 mL hyperbaric bupivacaine 0.5% and 12.5 μg of fentanyl was administrated in the Group B patients. In the other Group (C), an intrathecal dose of 2.5 mL bupivacaine 0.5% and 12.5 μg of fentanyl were given. The patient was placed supine immediately with a left uterine displacement in the control Group C while left sitting for 5 min in Group B with continuous vital signs monitoring, routine monitoring was attached (noninvasive blood pressure, oxygen saturation, and electrocardiogram) and monitored continuously for 50 min with 5 min interval between the blood pressure reading. The level of the block was checked using cold water and the surgeon was allowed to start to work if a T6 level or above was achieved. Any hypotension (\<100 mmHg systolic or decrease 20% of the baseline) was treated with ephedrine 9 mg increments, no sedation was given, and it was just reassurance.

After delivery, a dose of 20 IU/L oxytocin was commenced by intravenous infusion. Apgar score was assessed in the 1^st^ min and after 5 min. Furthermore, the Neonatal Neurological and Adaptive Capacity Scoring was measured and recorded at 15 min.\[[@ref8]\] The patient then was monitored for the following outcomes: heart rate, hypotension, nausea, vomiting, spinal block level, and ephedrine dose.

The patient then was referred to the postoperative care unit and monitored by a well-trained nurse, who was blinded to the study, for the following: patient satisfaction, using the Maternal Satisfaction Scale for cesarean section\[[@ref9]\] and Bromage score (1 = unable to move feet or knees; 2 = able to move feet only; 3 = just able to move knees; 4 = full flexion of knees; 5 = no detectable weakness of hip flexion while supine; and 6 = able to perform partial knee bend).\[[@ref10]\]

Statistical analysis {#sec2-1}
--------------------

Data were statistically described in terms of mean ± standard deviation, median and range, or frequencies (number of cases) and percentages when appropriate. The comparison of numerical variables between the study groups was made using the Student\'s *t*-test for independent samples. For comparing categorical data, the Chi-square test was performed. The exact test was used instead when the expected frequency is \<5. *P* \<0.05 was considered statistically significant. All the statistical calculations were done using the computer program SPSS (Statistical Package for the Social Sciences; SPSS Inc., Chicago, IL, USA) release 15 for Microsoft Windows (2006).

Sample size {#sec2-2}
-----------

As considered the primary outcome, the sample size calculation was performed using the comparison of the incidence of hypotensive attacks between mothers experiencing an elective cesarean section treated with small-dose bupivacaine and those treated with large-dose bupivacaine. The calculation was done based on comparing two proportions from independent samples in a prospective study using the Chi-square test, the α-error level was fixed at 0.05, the power was set at 80%, and the intervention groups (case: control) ratio was set at 1. As previously published,\[[@ref3][@ref4]\] 75% of cases treated with small-dose bupivacaine experience hypotensive attacks, whereas using a large dose is expected to decrease this incidence to 35% only. Accordingly, the minimum optimum sample size should be 23 participants in each arm, which increased to 25 to avoid dropouts. The sample size calculation was done using PS Power and Sample Size Calculations software, version 3.0.11 for MS Windows (William D. Dupont and Walton D. Vanderbilt, USA).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

From December 2016 to March 2017 (December 12, 2016 to March 23, 2017*)*, 65 patients were included according to the inclusion criteria. Five patients refused to share 60 patients were divided randomly into two groups; 7 cases excluded after that because of the shift to general anesthesia due to an early failed spinal anesthesia (before skin incision). Finally, Group C (control group) with 28 cases and Group B (study group) with 25 cases \[[Figure 1](#F1){ref-type="fig"}\]. All patients had a detailed explanation about the study and their role, and all of them signed the consent.

![Flow diagram](AER-13-663-g001){#F1}

Both groups have no statistical differences (*P* \> 0.05) regarding the age, height, weight, and body mass index \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic data of both groups

           Mean±SD        *P*            
  -------- -------------- -------------- -------
  Age      28.48±6.035    27.89±5.626    0.716
  Weight   80.32±11.164   76.93±9.756    0.243
  Height   161.72±3.879   158.96±7.308   0.109
  BMI      30.717±4.179   30.52±3.9      0.86

SD=Standard deviation, BMI=Body mass index

There were no differences between both groups regarding the incidence of nausea and vomiting (6 cases (24.7%) in Group B versus 6 cases (21.42%) in Group C with a *P* \> 0.05), but these data are misleading as all patients were received dexamethasone 8 mg and metoclopramide 10 mg routinely \[[Table 2](#T2){ref-type="table"}\]. Furthermore, the exact timing of nausea and vomiting concerning the surgery steps was not recorded. We did not know whether the cause was from hypotension, peritoneal traction, or something else.

###### 

Sensory level, ephedrine, fluids, vomiting, Adaptive Capacity Scoring (Neurologic and Adaptive Capacity Score), and Apgar score distribution in both groups

                                 Group B (*n*=25)   Group C (*n*=28)   *P*
  ------------------------------ ------------------ ------------------ --------
  Sensory level                  \-                                    
   T2                            0                  2                  \<0.05
   T4                            28                 26                 \>0.05
  Ephedrine, *n* (%)             5 (20)             25 (89.2)          0.000
  Fluids (mL) 895±125            725±213            \>0.05             
  Apgar at 1 min                 9 (8-9)            9 (9-9)            \>0.05
  Apgar at 5 min 10              (10-10)            10 (9-10)          \>0.05
  Nausea and vomiting, *n* (%)   6 cases (24.7)     6 cases (21.42)    \>0.05

Data presented in mean±SD, absolute n (%), median (IQR). SD=Standard deviation, IQR=Interquartile range, NACS=Neurologic and Adaptive Capacity Score

No cases in both groups were shifted to general anesthesia or experienced shortness of breathing \[[Table 2](#T2){ref-type="table"}\].

There was a marked reduction in ephedrine doses which were required to be given in Group B in comparison with Group C. It was 7.2 ± 15.684 mg in Group B versus 27.86 ± 12.04 mg in Group B with *P* \< 0.05 (confidence interval \[CI\] 95%). Only 5 (20%) cases in Group B were indicated to have ephedrine, whereas 25 patients of 28 (89.2%) in Group C were indicated to support their blood pressure with ephedrine.

No analgesics or sedation was given to any patient, only reassurance, a detailed description of the procedure and intimate relation intraoperatively, especially for the patients with the first time spinal anesthesia \[[Table 2](#T2){ref-type="table"}\].

There were no differences between the two groups regarding the fluid intake (895 ± 125 mL in Group B versus 725 ± 213 mL in Group C with *P* \> 0.05).

Neonatal Apgar score was 9 in the first 1 min and increased to 10 at 5 min.

The blood pressure and heart rate were within the accepted normal range all through the surgery after proper management with ephedrine in both groups, and there were no clinical differences \[[Table 2](#T2){ref-type="table"}\].

The satisfactory surgical sensory level was achieved in all cases in both groups with the following distribution: 26 (92.85%) cases were T4, and only 2 (7.14%) cases were T2 in Group C while all cases in Group B were at the T4 level \[[Table 2](#T2){ref-type="table"}\].

Neither sedation nor analgesics was given. All cases finished and recovered without any other complication.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study shows that using a large dose of hyperbaric bupivacaine 0.5% with the prolonged sit-up straight of the patient for 5 min can lead to a satisfactory surgical spinal block with no need to add analgesics or to convert to general anesthesia.

The reason for choosing 5 min as an elapsing time between the injections of the medications and asking the patient to lie down is that the spinal anesthesia level will be settled up after 5 min. Moreover, 5 min is not a long time in the duration of an elective cesarean section surgery as it usually takes from 90 to 120 min from patient admission to the operating theater and till discharge, and so 5 min will represent around 3% from the total duration which is not an issue.

Any type of analgesia was not used, apart from intrathecal fentanyl, to decrease the liability of bias in this study and to decrease the other factors that may affect the reliability of the results. Furthermore, no sedation was used in any patient, and reassurance only was enough. Furthermore, this study is proving the hypothesis that aortocaval compression occurs during lying down after spinal anesthesia and causes and epidural venous congestion and compression of the dural sac which can force the local anesthetic toward the head and increase the level of sensory blockade. Therefore, allowing the patient to remain in the sitting position could delay the onset of anesthesia and decrease the incidence of hypotension.

Similarly, the classic problem of the unsatisfactory sensory block (low level), which is a sequel of prolonged sit up, was solved with the large bupivacaine dose.

Many studies were trying to find an optimum solution for the conflict among the four pillars: the dose/volume of the local anesthetics, the posture of the patient, the level of the block, and hypotension.

The limitations of this study are that the study was single-blinded, and we found it is very difficult to make it double blinded as the patient will recognize.

Many studies were trying to reduce the volume or dose of bupivacaine claiming that the hypotension will be overcome.\[[@ref11][@ref12][@ref13]\] Ginosar *et al*. studied the ED 95 of bupivacaine and found that 11.2 mg is enough to achieve a satisfactory sensory level and a pain-free surgery. They also found that the ED50 was 7.6 mg using a logistic regression model.\[[@ref14]\]

Most practitioners use doses between 7.5 and 15 mg of hyperbaric bupivacaine. Those who use the lower dose, aiming to decrease the incidence of side effects such as hypotension or nausea, have faced a cost of patients\' unsatisfaction and visceral pain. The studies showed an increased incidence of patients with an inadequate surgical sensory block when using doses \<10 mg up to 71%.\[[@ref15][@ref16]\]

Seljogi D *et al*.\[[@ref17]\] did a retrospective study on 1252 patients receiving either 8 mg or 10 mg and found that there was a higher rate of conversion to general anesthesia in a group who received 8 mg (the relative risk was 4.88 \[95% CI 1.41--16.85\]).

Turhanoglu *et al*. found that using a low dose down to 4 mg of bupivacaine did not prevent hypotension regarding both severity and doses of ephedrine.\[[@ref13]\]

In a review article done by Arzola and Wieczorek,\[[@ref11]\] 15 reviewed articles concluded that doses \<8 mg will result in more analgesic requirements such as a high rate of conversion to general anesthesia and less hypotension and nausea and vomiting. However, Nagata *et al*.\[[@ref18]\] tried to compare a dose of 8 mg of hyperbaric bupivacaine versus 10 mg in the cesarean sections. The results were satisfactory with proper surgical conditions and less hypotension in 8 mg group (37%), while it was 71% in the 10 mg group in Japanese parturient with no data regarding the race and natural response in comparison with other races. The author himself announced that their frames (the Japanese) were smaller than that for the Caucasians.

It is clear that a low dose is not a practical solution and that is why we used big doses in this study to overcome this limitation. However, someone can claim that a conventional dose or even a low dose in a large volume can be the solution. Researchers tried to test this claim by using a regular dose or small dose in high volume. Jokinen *et al*.\[[@ref19]\] revised 1368 cases that were received a big volume (mg/mL) of bupivacaine with volumes ranged between 8 mL and 12 mL, and they found that although it was a satisfactory dose for the surgery to be achieved, it did not decrease the incidence of hypotension (48%).

Some authors tried to use small doses with modifications, such as epidural volume extension using saline\[[@ref20][@ref21]\] or to use isobaric bupivacaine,\[[@ref22][@ref23]\] aiming to the more cephalic spread and subsequently proper sensory level and surgical conditions.

The former modification showed good results regarding hemodynamic and sensory level with a nonpractical technique as they inserted an epidural catheter and injected saline to increase the epidural space pressure and ensured more cephalic migration of the intrathecal bupivacaine. Practically, it is better to inject local anesthetics in the catheter slowly to achieve the same results and to save the patients from the complications of the intrathecal injection. Furthermore, the epidural catheter is costly and takes a long time to be inserted.

The latter, who tried isobaric bupivacaine,\[[@ref22][@ref23]\] found disappointing results as there were no differences between both medications (isobaric and hyperbaric) regarding hemodynamic and the incidence of hypotension.

Positioning is another important factor that determines the sensory level and affects hemodynamic. Many types of research tried to study the effect of positioning on both hemodynamic changes and the level of the block.\[[@ref7][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30]\]

They found that lateral or sitting decubitus for few minutes can avoid any movement of the intrathecal injected local anesthetics and subsequently will fix the level with no hypotension. However, this will be on the cost of the sensory level. This can help in surgeries for the lower limb and below the umbilicus that do not need either to manipulate the peritoneum or higher sensory level. This disadvantage limits the usage of this technique in cesarean sections. Xu *et al*.\[[@ref28]\] tested different positions at the induction of spinal anesthesia and its effect on cephalad spread of the local anesthetics in the cesarean sections, and they found that there was a lower cephalad spread with the group that stayed 5 and 10 min in lateral position than the group of the patients that positioned immediately supine after intrathecal injection. This study did not mention the effect of this low level on surgical conditions and patient satisfaction.

Wang *et al*.\[[@ref29]\] tried the lateral position for 15 min; they gave the patients the spinal anesthesia in the lateral position and keep them for around 15 min comparing them with another group lying supine immediately. They found that the lateral position for 15 min can achieve a satisfactory level with a less incidence of hypotension. However, the methodology was not clear regarding the duration of the lateral position and the needle insertion. Besides, they used ropivacaine, not bupivacaine, which will make the comparison difficult. El-Hakeem *et al*.\[[@ref30]\] added another maneuver to overcome the hypotensive effect of the spinal anesthesia and at the same time achieving a satisfactory anesthesia block level. They gave the conventional bupivacaine dose and asked the patient to sit up for 5 min and then to put her supine. They found that the blood pressure was maintained with less incidence of hypotension and a lower dose of ephedrine. Although the level was lower in the group that used sitting up position for 5 min, the surgery went smoothly without patient discomfort or pain. In this study, the researcher used fentanyl intrathecal and fentanyl intravenous routinely which may explain the smooth surgical course.

Many authors studied the effect of posture, intraabdominal pressure, and inferior vena cava diameter and compressibility in the parturient and their hemodynamics.\[[@ref5][@ref6]\] They found a tight relation and a guide for expectations for those how will experience hypotension after the induction of spinal anesthesia.

Based on the above short review, we can notice the following facts; there is a significant relationship between the patient position and hypotension during the 1^st^ min of the spinal anesthesia in any type of patient whether doing a cesarean section or not and this also will affect the level. The second fact is the presence of a strong relationship between a pregnant patient\'s position and hypotension either she will have spinal anesthesia or not.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

We can conclude that a large dose of hyperbaric bupivacaine in the spinal anesthesia for a cesarean section with prolonged sitting up straight will lead to perfect surgical conditions with minimal hypotension. Moreover, prolonged sitting up in a parturient can allow the anesthetist to consider the patients as a nonparturient.
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